Takotsubo syndrome (TTS) was first described in 1991 as a rare, spontaneous and completely reversible left ventricular regional systolic dysfunction. Today the incidence of TTS is estimated at 2% in patients with an initial diagnosis of acute coronary syndrome (ACS). Notably, the incidence can be as high as 5.9 to 7.5% in female patients. TTS occurs predominantly in postmenopausal women, but both sexes may be affected, at any age. Acute chest pain or dyspnoea is a characteristic symptom of TTS, but initial presentation can also include more severe disease manifestation such as acute heart failure with pulmonary oedema or haemodynamic instability, especially in an in-hospital setting. It is now known that TTS is triggered by not only emotional, but also physical stressors, or a combination of both. Although apical ballooning is the most frequent and typical finding on imaging, different types of TTS have been described, including the midventricular, basal and focal forms. The acute phase of TTS may be complicated by cardiogenic shock, left ventricular outflow tract obstruction, severe mitral valve regurgitation, embolisation of ventricular thrombi and life-threatening ventricular arrhythmias. Furthermore, although originally thought to be a completely reversible condition, the long-term prognosis of TTS is not entirely positive, with a major adverse cardiac and cerebrovascular event (MACCE) rate of 9.9% reported in the InterTAK Registry, the largest series of patients with TTS. The exact aetiology of TTS remains unknown, there are no current treatment guidelines and differential diagnosis from the more frequent ACS entities remains particularly challenging. Overall, TTS remains a poorly understood and under-diagnosed disease, sometimes disguised in clinically atypical presentations. This review presents different TTS cases to illustrate that TTS is a heterogeneous disease.
Illustrative cases of Takotsubo syndrome Case 1
A 71-year-old female was hospitalised for acute exacerbation of chronic obstructive pulmonary disease after complaining of severe dyspnoea and chest pain. During hospitalisation she developed diffuse ST-segment elevation (fig .  1A ). Computed tomography angiography excluded pulmonary embolism and revealed pulmonary oedema. Laboratory testing showed mildly increased troponin T and normal levels of creatine kinase. The patient underwent emergency coronary angiography, which demonstrated no culprit lesion. Transthoracic echocardiography (TTE) showed a moderately reduced left ventricular ejection fraction (LVEF) with akinesia of the apical segments and a hypercontractile base. Ten hours later a repeat electrocardiogram (ECG) demonstrated diffuse T wave inversion ( fig. 1B) . At follow-up echocardiography, left ventricular function and wall motion abnormalities had returned to normal.
Case 2
A 65-year-old man was admitted to a stroke unit after a cerebrovascular accident. A few days after hospital admission, the patient developed dyspnoea and episodes of complete heart block ( fig. 2 ) necessitating cardiopulmonary resuscitation. After successful return of spontaneous circulation, continuous intravenous epinephrine was started. TTE showed severely reduced left ventricular systolic function (LVEF 25%), with typical apical ballooning. Furthermore, coronary angiography confirmed normal coronary arteries. During monitoring in the intensive care unit, the clinical course was complicated by ventricular tachycardia. Therefore, therapy with epinephrine was discontinued and replaced by levosimendan. No further tachyarrhythmias were observed.
Case 3
A 72-year-old female developed abdominal pain during her grandchildren's birthday party. She was admitted to the hospital with ST-segment depression in the inferior-lateral leads. Troponin was mildly elevated. She was transferred to the cardiology department for suspected non-ST elevation myocardial infarction (NSTEMI). Coronary angiography excluded coronary artery disease, but left ventricular angiography showed midventricular hypokinesia and a moderately impaired LVEF ( fig. 3 ).
Case 4
A 23-year-old female with no past medical history underwent rhinoplasty. During the operation, lidocaine and epinephrine were administrated locally. The patient sub-sequently developed ventricular tachyarrhythmia. Emergency TTE revealed a mildly reduced LVEF. Cardiac magnetic resonance imaging (CMR) was performed without late gadolinium enhancement, but revealed a severely reduced LVEF, as well as basal hypokinesia and oedema indicative of atypical, basal Takotsubo syndrome. On followup 4 days later a TTE confirmed complete recovery of left ventricular function and a normal wall motion pattern.
Background
Takotsubo syndrome (TTS) was first described more than 20 years ago by Dote et al. as an unusual systolic regional dysfunction of the left ventricle in Japanese patients [1, 2] . This form of acute reversible heart failure was given the name of Takotsubo disease, on the basis of the resemblance of the left ventricular systolic shape to a Japanese octopus trap [3, 4] . As most cases were first reported in Japan, this disease was thought to be peculiar to this country [5] ; however, when reports of TTS also emerged in the USA and Europe, clinical studies and case reports began to be increasingly published in a variety of medical journals worldwide [6] .
As a result of the clinical presentation of TTS, the disease originally also became widely known as "broken heart syndrome" or "apical ballooning syndrome" [7] . However, extensive recent research has improved our understanding of the disease definition, symptoms, triggers and outcome in TTS. Indeed, TTS was previously thought only to affect elderly, postmenopausal women who suffered an emotionally negative trigger, leading to acute chest pain with apical ballooning on a left ventricular angiogram with absence of clinically relevant coronary artery disease. However, we now know that TTS can occur at any age and affect both sexes. Moreover, it is not only a disease of the "brokenhearted", but it can also occur after a joyful moment [8] . TTS can present variously on imaging, not only as apical ballooning, and includes midventricular, focal, and basal forms. Coronary artery disease can also be present in up to 15% of TTS cases, and obstructive stenosis on coronary angiography does not exclude for the diagnosis of TTS. Furthermore, new outcome data contradict the previous assumption that TTS is a benign disease. Instead, TTS carries a substantial risk of morbidity and mortality in the acute phase. The reported variations in the case presentations of TTS must be carefully studied and a certain expertise is needed to identify TTS correctly. This is especially important as the clinical presentation of TTS is quite similar to the more frequent thombo-occlusive (classic) type of acute coronary syndrome (ACS), which makes differential diagnosis quite challenging [1, 2, 9] .
Demographics
The number of patients diagnosed with TTS is increasing, especially in the last decade. For example, the Swedish registry SWEDEHEART reported a rise of TTS diagnoses from 0.16% in 2005 to 2.2% in 2012 [6] . Currently, the overall incidence of TTS is about 2%, which includes patients who are initially diagnosed with classic ACS [9, 10] . The incidence is even higher in females, ranging from 5.9% to 7.5% [11, 12] . And although the disease affects mostly females (89.9%) at postmenopausal age (66.4 years) [13] , TTS cases at any age have been reported. Interestingly, 10 to 15% of TTS patients are male [14, 15] . TTS has been described in over 50 countries to date. It seems to affect individuals from any ethnic background, but for as yet unknown reasons, in Japan men seem to be more often affected [16] . There are only a few reports of cases in African-Americans and Hispanics [17] . Furthermore, family clustering suggests that TTS has a hereditary component, but, as yet, there is no firm evidence to support this claim [18, 19] . Despite a postulated microvascular disease component in TTS, it is supposed that TTS-specific risk factors exist. These risk factors include female gender, hormones, age, neurological and psychiatric disease, genetics and stressful life events. In contrast to myocardial infarction, a chronobiological pattern with a peak incidence in the summer and in the evening has been reported for TTS [20] .
Clinical presentation
The most common symptom of TTS is acute chest pain. Dyspnoea, palpitations, syncope and fatigue are other possible symptoms, although less common. Given the clinical presentation, differentiation of TTS from classic thrombooclusive ACS in the emergency setting is not easy. Intriguingly, patients often experience TTS in an in-hospital setting, while in an intensive care unit or perioperatively and then present with more severe disease as reflected by systemic hypotension, pulmonary oedema, or arrhythmic events [21] [22] [23] . Furthermore, what was once thought to be a major clue for the diagnosis of TTS, a preceding negative emotional trigger, had to be reconsidered in recent years. It is reported that 27.7% of patients present with a preceding emotional trigger, but TTS may, in contrast, be associated with a joyful emotional event, lately described as "happy heart syndrome" [1, 2, 8, 24, 25] . An even greater proportion of patients (36%) experience TTS following a physical trigger, for example, exacerbation of chronic obstructive pulmonary disease (COPD), cancer, stroke, bone fractures, or operations, among others [23, 26] . In 7.8% of cases, both emotional and physical triggers can be identified simultaneously, whereas in 28.5% of cases, no evident trigger precedes TTS [13] . Not only are the patients' collective histories and clinical presentations of TTS more varied than initially thought, but so also are the pattern of regional wall motion disturbances. Although present in 81.7% of cases to date, the classic apical "ballooning", characterised by apical akinesia and basal hyperdynamic contraction, is not the only manifestation of TTS. Three atypical variants without apical involvement exist, comprising the midventricular (14.6%), the basal (2.2%), and the focal (1.5%) presentation [26] . Furthermore, biventricular forms (42%) have also been described and are associated with a more serious clinical course [27] . A biventricular form, however, is often unrecognised because its identification requires transthoracic echocardiography, which is not always routinely performed. Isolated right ventricular presentations have rarely been reported as another atypical form, although their existence remains controversial [28] . 
Pathogenesis
Despite ongoing research on TTS, whether sympathetic hyperexcitation, a microcirculatory disturbance, or both are the underlying pathophysiological mechanism of this disease entity, remains unclear. As TTS is provoked most often by emotional or physical stress factors, and similar cardiac dysfunction has been observed in patients with phaeochromocytoma, it is likely that sympathetic hyperexcitation at least is co-involved in TTS pathogenesis. Indeed, plasma concentrations of noradrenaline and adrenaline are higher in patients with TTS than in those with myocardial infarction. Histopathological findings characteristic of contractile band necrosis further support the idea that excessive catecholamine surge leads finally to TTS [1] . Moreover, an imbalance of the distribution of β 1 and β 2 adrenergic receptors, with a higher concentration in the apical segments and a lower concentration in the basal segments (and the opposite gradient for sympathetic nerve endings) could explain the apical ballooning [29, 30] . A catecholamine-induced microcirculatory disturbance is currently the most attractive explanation for the underlying pathogenesis of TTS. Indeed, analysis of the coronary angiographic findings in patients with TTS showed impaired myocardial perfusion in 69% of cases [31] , and assessment of the coronary flow reserve in the acute and recovery phase showed improvement with progressive resolution of the wall motion abnormality [32] . It seems likely that a combination of sympathetic overactivation and oxidative stress [33] might contribute to the microcirculatory disturbance in TTS, but more research is warranted.
Diagnosis
Diagnostic criteria for TTS have been proposed by different authors, groups, and societies, but the Mayo Clinic Diagnostic Criteria from 2008 [9] are currently used most often. Contrary to popular belief, concomitant coronary artery disease is not an exclusion criteria [34] , and at present there is no universally accepted definition for TTS. For instance, some diagnostic criteria for TTS exclude phaeochromocytoma whereas others do not. The lack of consistent diagnostic criteria is indicative of the fact that TTS is still not well understood.
Electrocardiogram
ST-segment elevation, particularly in the anterior leads, is often observed in the acute phase of TTS (i.e., in 40-50% of cases) [26] , making timely differentiation from ST elevation myocardial infarction (STEMI) even more challenging [35] . Less often, the initial ECG shows ST-segment depression [26] , a left bundle-branch block pattern, anterior Q waves or diffuse T wave inversions. A completely normal ECG can also be present in ≈2% of cases [24] . ECG changes exhibit four distinct phases, though these are not universally present. Phase I includes typical ST-segment elevation at acute presentation; phase II (day 1-3) is characterised by T wave inversions; phase III (day 2-6) shows T wave reversions; and phase IV is characterised by giant negative T waves, which can appear up to 60 days after onset of symptoms [36] . Given this typical time course of ECG changes, patients presenting with T wave inversions on the initial ECG are thought to be already in the subacute TTS phase. In this subacute phase, a prolongation of the QTc interval is also observed [23] . This is of particular interest as it can be the basis for unusual arrhythmic events such as torsades de pointes tachycardia [37] . Therefore, it is important to avoid medications or certain disorders (for example hypokalaemia) that further prolong the QTc interval in these patients. As the above-mentioned ECG changes may also occur in patients suffering from myocardial infarction, differential diagnosis based on the ECG alone and without urgent coronary angiography is not yet possible. Nevertheless, a recent algorithm for differentiation of TTS and acute myocardial infarction based on the ECG has been proposed, reporting a specificity of 95% [38] .
Laboratory tests
Given the extensive wall motion abnormalities in patients with TTS, the often rather limited elevation of the cardiac biomarkers creatine kinase and troponin is surprising. Indeed, creatine kinase rarely exceeds values above 500 U/ l [1, 2, 14, 15, 24] . However, as a result of left ventricular wall stretching, plasma concentrations of brain natriuretic peptide (BNP) are remarkably elevated in patients with TTS compared with those presenting with ACS [1, 5] . BNP values typically reach their maximum concentration 48 hours after the acute event, but may remain elevated up to 3 months thereafter [39] . Although different profiles of cardiac biomarkers are evident, no cut-off values for troponin, creatine kinase, and BNP have yet been defined to allow meaningful discrimination of TTS and ACS. Indeed, while the ratio of BNP to troponin T has been proposed as diagnostic tool for differentiation of TTS and ACS, further investigation on this issue is needed [40] . Interestingly, it was recently shown that a signature of four circulating microRNAs could serve as a novel diagnostic tool in the acute phase to differentiate TTS from STEMI. However, microRNA analyses have not yet entered clinical practice [41] .
Cardiac imaging
Transthoracic echocardiography (TTE) plays a major role in the diagnosis and identification of complications of TTS. Furthermore TTE is also used to evaluate the disease course. The mainstay of the TTS diagnosis is the assessment for typical left ventricular wall motion abnormalities, beyond the distribution of a single coronary artery, which allows the differentiation of the apical, midventricular and basal forms. In rare cases, a wall motion abnormality can be present in the territory of a single epicardial vessel, which is termed focal TTS and is particularly challenging to diagnose. TTE also permits identification of potential complications such as significant mitral valve regurgitation (MR), left ventricular outflow tract obstruction (LVOTO), ventricular thrombi in often atypical and multiple locations, right ventricular involvement, and cardiac rupture [42] . The underlying mechanism of mitral valve regurgitation in TTS is not completely understood. It has mostly been reported in patients presenting with the classic apical form, in the presence of hyperdynamic contraction of the basal segments and systolic anterior movement (SAM) of the anterior mitral valve leaflet (i.e., in 33-50% of cases) [43, 44] . Significant reversible mitral regurgitation has also been observed in patients with severe LVEF impairment in the absence of SAM. In a dilated left ventricle, symmetric tethering of the mitral valve leaflets, secondary to papillary muscle displacement, is another obvious mechanism of mitral regurgitation [44] . The dynamic and intermediate to severe LVOTO, caused by hyperdynamic contraction of the basal segments and SAM, may lead to life-threatening arrhythmias and fatal left ventricular rupture. Hence, identification of potential complications of TTS first of all by echocardiography is of major importance for risk stratification and clinical management. Cardiac magnetic resonance imaging (CMR) has also gained increasing attention in the assessment of TTS. Recently, specific CMR criteria for the diagnosis of TTS have been published [9] . CMR allows analysis of the function of both ventricles, myocardial tissue characterisation and detection of the distribution of myocardial oedema, as well as exclusion of transmural or subendocardial scar by absence of late gadolinium enhancement [45] . This allows differentiation of TTS from myocardial infarction or myocarditis, and makes CMR particularly helpful in identifying the rare focal type of TTS [45] . CMR appears to be more sensitive for detecting right ventricular involvement and left ventricular thrombi [27] . However, given its limited availability (especially in the emergency setting) and low acceptance by some patients, CMR should not be considered an alternative to echocardiography, but instead a complementary technique [42] . Radionuclide imaging such 31 I/ 123 I-metaiodobenzylguanidine (MIBG) scintigraphy and positron emission tomography (PET) can provide insight into the myocardial metabolism in TTS [5] , and may help further in clarifying the underlying pathogenic mechanism. However, to date, accurate differentiation of ACS and TTS is not possible by noninvasive tests, and urgent coronary angiography remains the diagnostic "gold standard".
Clinical management
Recently it has been demonstrated that patients with TTS carry a considerable morbidity and mortality risk. Although spontaneous reversibility is a unique characteristic of TTS, this is only true for patients who survive the acute phase and, even so, the long-term prognosis is not entirely positive with a major adverse cardiac and cerebrovascular event (MACCE) rate of 9.9% per patient year [26] . In most cases, TTS can be effectively managed with followup only. However, severe complications may cause a lifethreatening disease course in the acute phase, with a reported 30-day mortality comparable to STEMI and NSTEMI [6] . LVEF is often severely reduced in the acute phase of the disease, far more than in acute myocardial infarction. Therefore, it is not surprising that about half of TTS patients suffer from pulmonary congestion and about 10 to 20% from acute pulmonary oedema [23, 26] (fig. 4) . Assessing for presence of LVOTO, mitral valve regurgitation and right ventricular involvement in patients with suspected TTS is crucial, as when these are present, patients often develop cardiogenic shock as a complication [46] . In these patients, special treatment is needed. Given the supposed important role of catecholamine excess in the pathogenesis of the disease, inotropic agents such as epinephrine, norepinephrine and dobutamine may worsen LVOTO. The calcium sensitiser levosimendan may be an effective pharmacological alternative [1] . In some cases, the use of a percutaneous cardiopulmonary support device (e.g., the micro-axial Impeller Pump) can be useful and preferable to catecholaminergic agents. In addition, as systemic embolisation of ventricular thrombi may further complicate the clinical course, anticoagulants for primary prevention may be useful for patients in whom ventricular thrombi are identified or LVEF is severely reduced [23] (fig. 4) . No specific long-term pharmacological treatment for TTS has been established thus far. As sympathetic hyperactivation probably contributes to the underlying pathogenic mechanism, the use of beta-blocking agents was suggested to be helpful both in the acute setting and for the prevention of recurrence [1, 5] . However, as yet there is no evidence that beta-blockers provide beneficial treatment for TTS. Indeed, as a prolongation of the QT interval is typically observed in TTS patients, particular attention must be paid to the use of beta-blockers in patients with potential risk of pause-dependent torsades de pointes, especially those with bradycardia and severe QTc prolongation [47] . Furthermore, in patients with TTS and a QT interval exceeding 500 ms, the risk of potential life-threating arrhythmias is substantially increased [48] . Other arrhythmic complications that must be taken into account in the acute phase include bradycardia, heart block and atrial fibrillation [49] (fig. 4) . Overall in-hospital mortality for TTS is 4.1% and most patients (95%) experience complete LVEF recovery within 4 to 8 weeks. Nevertheless, recurrence occurs in 5 to 10% of cases, and different types of TTS can occur in the same patient [50] [51] [52] . Somewhat surprisingly, recurrence of TTS manifests even in patients with chronic beta-blocker treatment, which makes the effectiveness of these agents in TTS secondary prevention questionable [1] .
Conclusion
TTS was first described as a rare left ventricular systolic dysfunction resembling clinical presentation of classic ACS in a few Japanese patients at the beginning of the 1990s [3] . The worldwide incidence of TTS is now reported to be ≈2% in patients with suspected ACS [9, 10, 53] . This incidence is 8.8 times higher in women than in men, and 4.8 times higher in women older than 55 years compared with those younger than 55 [5] . However, the cases of 71-year old-lady suffering from acute exacerbation of chronic obstructive pulmonary disease, the 65-year-old man experiencing complete heart block and ventricular arrhythmia, the 72-year-old lady celebrating her grandchild's birthday, and the 23-year-old woman undergoing rhinoplasty highlight that TTS can occur in both sexes, at any age, and does not always have a favourable clinical course. Furthermore, these cases show that TTS may necessitate intensive care treatment and advanced therapeutics. TTS is not only provoked by negative emotional events, but also quite often by physical stressors, or even both. In rare cases, TTS even occurs without any evident preceding stressor [26] . Although TTS gained worldwide attention as "broken heart syndrome", recently the term "happy heart syndrome" has also been used in connection with this disease [8] . Indeed, the case of the 71-year-old lady who was joyfully attending her grandson's wedding described here [54] , as well as others who presented with TTS after a joyful event (such as winning a jackpot, visiting the opera, or celebrating an anniversary), indicate that TTS can be preceded by a positive emotional trigger [8] . Classic cardiovascular risk factors such as diabetes mellitus, smoking, dyslipidaemia and arterial hypertension do not seem to play an important role in this disease. Instead, psychiatric and neurological disorders are more frequent in patients experiencing TTS, representing a possible link between the heart and the brain [26] .
In summary, what is indisputably evident about TTS so far is that this syndrome is far more complex and heterogeneous than initially thought. We have a long way to go towards understanding the pathogenic mechanism of this disease. Such knowledge is required to establish noninvasive diagnostic tools with enough sensitivity and specificity to clearly differentiate TTS very early from ACS, as well as to determine a specific treatment approach for the acute event and prevention of recurrences. Growing attentiveness to the many diverse faces of TTS may lead to its improved diagnosis, which finally may increase our knowledge of this enigmatic condition.
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